Introduction
Elephant garlic is three times as large as normal garlic and has a similar shape and flavor, but is classified as a type of leek (Allium ampeloprasum). In contrast to normal garlic and onion, which also belong to the Allium genus, elephant garlic contains both allicin and syn-propanethial-S-oxide, which are only found in garlic and onion, respectively [1] . Although elephant garlic is used for cooking in some countries such as Thailand [2] and has been studied for its antibacterial [2, 3] and antioxidant activities [4] [5] [6] , its chemical composition and biological properties are largely unknown. In contrast, garlic has long been studied for its various biological properties, including antibacterial, anticancer, and antitoxic effects [7] [8] [9] [10] [11] . However, garlic is rich in allicin, which inhibits the growth of microorganisms [8, 12] , making it difficult to apply in the development of fermented foods.
Vinegar, which mainly consists of organic acids, amino acids, and volatile components, is traditionally used as a food seasoning and preservative [13] . The functional properties of vinegar have been studied to evaluate its antioxidant activity and for body fat reduction and fatigue recovery [13] [14] [15] . Vinegar can be synthesized or produced by fermentation [13] . Inexpensive commercial vinegar products are produced by acetic acid fermentation of distilled and diluted ethanol [16] . In contrast, traditional vinegar is produced by ethanol fermentation of fruits or Elephant garlic (Allium ampeloprasum var. ampeloprasum), which belongs to the Alliaceae family along with onion and garlic, has a flavor and shape similar to those of normal garlic but is not true garlic. Additionally, its properties are largely unknown, and its processing and product development have not been reported. In this study, we focused on using elephant garlic to produce a new type of vinegar, for which the market is rapidly growing because of its health benefits. First, we evaluated the effects of elephant garlic addition on acetic acid fermentation of rice wine by Acetobacter pasteurianus. In contrast to normal garlic, for which 2% (w/v) addition completely halted fermentation, addition of elephant garlic enabled slow but successful fermentation of ethanol to acetic acid. Metabolite analysis suggested that sulfurcontaining volatile compounds were less abundant in elephant garlic than in normal garlic; these volatile compounds may be responsible for inhibiting acetic acid fermentation. After acetic acid fermentation, vinegar with elephant garlic did not have any sulfur-containing volatile compounds, which could positively contribute to the vinegar flavor. Moreover, the amino acid profile of the vinegar suggested that nutritional and sensory properties were more enhanced following addition of elephant garlic. Thus, elephant garlic may have applications in the development of a new vinegar product with improved flavor and quality and potential health benefits.
Keywords: Solid-phase microextraction gas chromatography/mass spectrometry, aroma components, allicin, diallyl trisulfide, free amino acids, gamma-amino butyric acid grains followed by acetic acid fermentation [17] . Depending on the type of raw materials, additives, and fermentation processes, the nutritional and functional benefits of vinegar can be improved [15] . Accordingly, studies of traditionally fermented vinegar, which involves ethanol fermentation with natural resources, such as apples [18] , grapes [15, 19, 20] , and onions [16], followed by acetic acid fermentation, have been conducted. To develop a new vinegar variant, we examined the effects of elephant garlic addition on acetic acid fermentation of rice wine. Through metabolite profiling, elephant garlic vinegar was characterized and evaluated as a new type of vinegar product.
Materials and Methods

Raw Material Preparation
Elephant garlic samples were provided by the Gunwi Agriculture Technology Center, Korea in 2016, and normal garlic samples were purchased from a local market in Daegu, Korea in 2016. Elephant garlic and normal garlic samples were sliced, freezedried, ground, and stored at -80°C until analysis. Fresh commercial rice wine (Palgongsan makgeolli, Daegu, Korea) containing 6% (w/v) ethanol was purchased from a local market in Daegu (Korea) and used before its expiration date.
Vinegar Starter Preparation
Acetobacter pasteurianus (ATCC 33445) was precultured in YPDE (glucose 2% (w/v) and ethanol 1% (w/v)) at 30°C and 80 rpm (0.14 ×g) for 48 h. Cells were harvested and resuspended in 20 ml of rice wine in a 100-ml flask and then incubated at 30°C and 80 rpm (0.14 ×g) for 72 h. The culture was used as a vinegar starter. The starter was stored at 4°C for 7 days without losing its activity.
Acetic Acid Fermentation
Two milliliters of the vinegar starter was added to 20 ml of rice wine in a 100-ml flask with or without garlic powder. Acetic acid fermentation was performed at 30°C and 80 rpm (0.14 ×g) until the ethanol was exhausted.
Sample Preparation for Analysis
Samples were mixed with an equal volume of distilled water and centrifuged for 10 min at 3,134 ×g. The supernatant was filtered using a syringe filter (13 mm, 0.45 μm), and the flowthough was stored at -80°C until analysis.
Analysis of Ethanol and Acetate by High-Performance Liquid Chromatography (HPLC)
The concentrations of ethanol and acetate were determined by HPLC (1260 Series; Agilent Technologies, USA) equipped with a refractive index detector using a Rezex ROA-Organic Acid H + (8%) column (Phenomenex, Inc., USA). The column was eluted with 0.005 N H 2 SO 4 at a flow rate of 0.6 ml/min at 50°C.
Analysis of Volatile
Compounds by Solid-Phase Microextraction (SPME)-Gas Chromatography/Mass Spectrometry (GC/MS)
From 5-ml samples, volatile compounds were extracted using SPME fibers coated with divinylbenzene/carboxen/polydimethylsiloxane. The extracted compounds were injected using a split mode (1:20) into a GC/MS system (7890A-5975C; Agilent Technologies) equipped with an MPS autosampler (Gerstel, Germany) and a DB-WAX column (60 m, 250 μm, 0.25 μm; Agilent Technologies). The oven temperature was initially held at 40°C for 2 min, increased to 220°C at 2°C/min, and then increased to a final temperature of 240°C at 20°C/min, which was maintained for 5 min. Helium was used as a carrier gas at a constant flow rate of 1 ml/min. The mass selective detector was operated in scan mode with a mass range of 50-550 m/z.
Analysis of Free Amino Acids Using an Amino Acid AutoAnalyzer
Twenty-microliter samples, which were hydrolyzed with 6 N HCl, were injected into an amino acid auto-analyzer (L-8900; Hitachi, Japan). Free amino acids were separated on an ion exchange column (2622 SC PF; Hitachi) at 50°C and eluted with a buffer set (PF-1, PF-2, PF-3, PF-4, PF-6, PF-RG, R-3, and C-1) as a mobile phase. The eluted free amino acids were reacted with ninhydrin solution (Wako, Japan) at 135°C in a post-column. The detected ninhydrin-labeled free amino acids, which were measured at wavelengths of 570 and 440 nm, were quantified. A mixture of type ANII and type B (Wako) was used as an internal standard for free amino acid quantification.
Data Processing and Statistical Analysis
The metabolites were evaluated by principal component analysis (PCA) using STATISTICA software (ver. 7.0; Stat Soft, USA). The presented data were based on significance (p < 0.05) by Scheffe's ttest, using SPSS software (ver. 23.0; SPSS, Inc., USA).
Results
Effects of Elephant Garlic Addition on Acetic Acid Fermentation
We first tested how elephant garlic addition (0-4.5% (w/v)) affected the acetic acid fermentation of rice wine by A. pasteurianus. After 96 h of fermentation, the acetate yield (g acetate/g ethanol) was highest for samples with 0% or 1.5% elephant garlic addition, followed by that with 2.0% and 3.0% addition, with the lowest acetate yield observed following addition of 4.5% elephant garlic (Fig. 1) . Because elephant garlic addition over 3.0% significantly resulted in low acetate yield, we conducted subsequent experiments with 2.0% elephant garlic addition.
